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We investigate the influence of laser phase noise heating on resolved sideband cooling in the context
of cooling the center-of-mass motion of a levitated nanoparticle in a high-finesse cavity. Although
phase noise heating is not a fundamental physical constraint, the regime where it becomes the main
limitation in Levitodynamics has so far been unexplored and hence embodies from this point forward
the main obstacle in reaching the motional ground state of levitated mesoscopic objects with resolved
sideband cooling. We reach minimal center-of-mass temperatures comparable to Tmin = 10mK at a
pressure of p = 3× 10−7mbar, solely limited by phase noise. Finally we present possible strategies
towards motional ground state cooling in the presence of phase noise.
Among the numerous optomechanical systems, Lev-
itodynamical systems excel with an extreme level of
isolation from the environment, rendering Q-factors
exceeding 108 [1]. This makes them an attractive
alternative to membranes and nanobeams [2–5] for
probing macroscopic quantum phenomena at room
temperature [6–9]. In addition, Levitodynamics
offers unique possibilities unavailable in conventional
clamped systems, including free fall [10], rotation
[11–14] and engineered potentials [15]. These unique
features make them ideal candidates for enhanced
sensing applications [16], out of equilibrium thermody-
namics [17] and matter wave interferometry [18, 19].
Thus far, the motional ground state (GS) of levitated
nanoparticles remains elusive. The lowest phonon
occupation of tens of phonons, has been achieved with
continuous measurement and active feedback cooling
[20–24]. In contrast to these active schemes, passive
optomechanical cooling provides a way to cool to the
GS without continuous measurement, provided that
the cavity linewidth is narrower than the mechanical
frequency. This so-called sideband cooling technique
was originally developed for atomic systems and in
combination with cryongenics it has been used for GS
cooling (n < 1) in a range of optomechanical systems.
First Levitodynamics experiments demonstrated 1D
sideband cooling [25–27] from room temperature
down to 0.3K [28]. Here we demonstrate 1D resolved
sideband cooling of a levitated nanoparticle reaching
temperatures of Tmin = 10mK at a pressure of
p = 3 × 10−7mbar, a regime where we will show
that phase noise heating is indeed the limiting factor.
The phonon occupation of the mechanical oscillator
yields nph ≈ 2100, an occupation 125× less than in
previous experiments [28] and comparable to minimal
temperatures reached in coherent scattering [29–32].
Next to the well-known decoherence due to thermal
noise and photon recoil [21], we investigate in detail
the influence of frequency noise of the cavity field, also
called phase noise, on the phonon occupation. Phase
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noise decoherence has so far been largely overlooked in
Levitodynamics [32] despite being previously observed
in other platforms [33, 34] where it seriously compli-
cates the creation of low phonon states [35, 36].
Understanding the limitations of sideband cooling
techniques with actively driven cavities is essential
for many protocols to generate entanglement [37, 38],
non-classical correlations [39] or achieve coherent
quantum control [40]. Controlling the mechanical
motion of mesoscopic systems on the single phonon
quantum level has been achieved only recently [41, 42].
By using an external cavity, the center-of-mass (COM)
motion of an atom, ion, molecule [43, 44], or meso-
scopic particle can be controlled and therefore cooled.
The presence of a polarizable object inside the cavity
induces a position-dependent dispersive change in opti-
cal path length, altering the intracavity intensity which
then acts back on the particle motion. Coherently
driving the cavity with a red(blue) detuned light field
enhances(reduces) anti-Stokes scattering versus Stokes
scattering, thus cooling(heating) the COM motion.
The interaction Hamiltonian for a particle mov-
ing along the axis of an optical cavity is Hˆint =
−~g0aˆ†aˆ(bˆ+ bˆ†) [25, 45] where aˆ (aˆ†) is the photon an-
nihilation (creation) operator and bˆ (bˆ†) is the phonon
annihilation (creation) operator. The single photon op-
tomechanical coupling strength g0 can be enhanced by
the driving field as g2 = g20 aˆ†aˆ = g20ncav, ncav being
the intracavity photon number. The single photon op-
tomechanical coupling strength is sinusoidally modu-
lated due to the intracavity standing wave and given
as
g0 = U0 sin(2ky)k
√
~
2mΩy
(1)
where U0 is the resonance frequency shift induced by a
particle placed at the center of an empty cavity, with
U0 = ωcavα/(20Vcav) ≈ 2pi × 10kHz, ωcav being the
cavity resonance frequency, α = 4pi0r3(n2p − 1)/(n2p +
2) the polarizability of the particle with radius r =
118nm ± 6nm and refractive index np = 1.45. The
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2cavity volume is Vcav = piLcavw2cav/4, Lcav = 2.43cm
the cavity length, wcav = 64µm the cavity waist, k =
2pi/λcav the cavity field wave vector, λcav = 1064nm
the cavity wavelength and y the position of the particle
from the center along the cavity axis. The particle mass
m = (4/3)pir3ρ is inferred from the particle density
ρ = 2200kg/m3, and the particle mechanical frequency
Ωm is obtained from the particle displacement power
spectral density (PSD). The optomechanical damping
rate is then given by [45]
Γopt = g20ncav
(
κ
κ2
4 + (∆ + Ωy)2
− κ
κ2
4 + (∆− Ωy)2
)
with the cavity linewidth κ = 40kHz (FWHM). The
optomechanical damping rate depends strongly on po-
sition along the cavity axis y through g0, the intracav-
ity photon number ncav and detuning from the cavity
resonance ∆ = ωL − ωcav. In the resolved sideband
regime (Ωm  κ) the maximum cooling rate equals
Γopt = 4g20ncav/κ ≈ 2pi × 2µHz ncav at optimal red de-
tuning ∆ = −Ωm, enabling an optomechanical damp-
ing rate in the kHz-regime in state-of-the-art cavities.
In addition to the coupling rate to the thermal bath
Γm, shot noise radiation pressure heating (SNRP) due
to the cavity field (Γcav) and the trapping field (Γt) are
additional decoherence sources (see Eq.(C2) - (C4)). As
shown in section C, the additional phonon occupation
due to the SNRP of the cavity light field (nrad cav  1)
does not depend on the intra-cavity photon number,
while the SNRP of the trapping light field acts as an
additional thermal bath. The latter causes only a small
relative offset and will therefore be negelected in the fol-
lowing. Moreover, heating effects due to classical laser
intensity noise show a much smaller heating effect [46]
compared to SNRP and will therefore also be neglected.
In the regime where the thermal mechanical damping
is the main decoherence source, the final phonon occu-
pation of the mechanical oscillator is
nph =
Γoptnmin + Γmnth
Γopt + Γm
≈ nmin + ΓmnthΓopt (2)
where nth = kBT/(~Ωm) ≈ 6×107 is the initial thermal
phonon occupation. We neglect the contribution from
the thermal photon occupation of the undriven cavity,
since ncav = kBT~ωcav  1 for optical frequencies. nminputs an ultimate limit on the minimum phonon number
for Γopt  Γm. As a consequence the GS can only
be reached in the resolved sideband regime (Ωm > κ)
where nmin = κ2/(4Ωm)2 < 1. The COM temperature
is then Tcom = nph~Ωm/kB (solid lines in Fig.2 - 4).
In Fig. 1 the experimental setup is displayed. A silica
nanoparticle is levitated in an optical tweezers trap [47]
with a wavelength λ = 1550 nm, power P ' 185 mW
and focusing lens NA = 0.8. The trap is mounted on a
3D piezo system allowing for precise 3D positioning of
the particle inside the high finesse Fabry-Pérot cavity
with a cavity finesse F = 1.55 × 105 and free spectral
range FSR = 2pi × 6.2GHz (for more details see sup-
plementary A). Due to tight focusing, the nanoparticle
eigenfrequencies Ωx,y,z = 2pi × (90kHz, 100kHz, 25kHz)
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Figure 1. Experimental setup The nanoparticle levitates
in a mobile optical tweezers trap (red), positioned in the
center of the high finesse cavity field. A weak cavity light
field (purple) observed on a photodiode (PDH) is used for
Pound-Drever-Hall locking on the cavity resonance ωcav.
The cross polarized pump field (blue) is frequency modu-
lated with an EOM at FSR + ∆ and its transmission is
recorded (PD). Standard PFC of the optical tweezer trap
prevents particle loss and cross coupling between different
degrees of freedom (x, y, z). A piezo stage allows for precise
3D positioning of the particle along the cavity axis. The
collected trapping light is used in balanced forward detec-
tion.
are non-degenerate. The maximum single photon op-
tomechanical coupling strength is g0 = 2pi × 0.14Hz,
which puts GS cooling seemingly into reach by simply
increasing the intracavity photon number to ncav ≥
4.8× 109, corresponding to a feasible intracavity power
of Pintra = 5.5W.
In our experiments we vary the cavity input power Pin,
the detuning ∆ and the position y along the cavity
axis in low and high vacuum, respectively. In the fol-
lowing, points represent data and solid lines are theo-
retical predictions according to eq.(2). The intracav-
ity photon number, used for theoretical predictions, is
calculated from the transmitted cavity power. At low
pressure, we apply parametric feedback cooling (PFC)
along x, z, preventing particle loss and limiting the par-
ticle displacement to the linear regime of the optical
trap. Experimentally we deduce Tcom from the area
of the particle displacement PSD equal to 〈y2〉 [48], as
shown in Fig.2(a).
Fig.2(b) shows the pressure dependence of Tcom at op-
timal detuning ∆ = −Ωm and intracavity power of
Pintra = 75mW. At pressures below p < 1mbar,
we observe the expected linear decrease of Tcom. At
Tcom ≈ 1K, cooling becomes ineffective and the tem-
perature levels off with a constant final minimum tem-
perature of Tmin = 35mK, in contrast to theoretical
expectations (solid line).
Figs. 3 and 4 show measurements at high pressure
p = 0.6mbar (red ◦) and low pressure p = 3×10−7mbar
3b)a)
Figure 2. Temperature versus Pressure (a) PSDs at
various pressures (p = 0.3, 3 × 10−3, 3 × 10−5 and 3 ×
10−7mbar). The area of the PSD 〈y2〉 and therefore the tem-
perature is reduced by reducing the pressure and applying
cavity sideband cooling. (b) Applying cavity sideband cool-
ing at optimal detuning ∆ = −Ωy and intra cavity power of
Pintra = 75mW. Tcom reduces linearly with decreasing pres-
sure down to a stable Tmin = 35mK. Theory with negligible
phase noise Sφ = 0Hz2/Hz (solid line) predicts a monotone
linear decrease in Tcom with pressure. Theoretical predic-
tions assuming phase noise of Sφ = 2pi×4Hz2/Hz (half-solid
line) tails off to a stable final temperature Tth = 34mK.
Shaded area assumes a phase noise regime from half to twice
the value of Sφ .
(blue ), respectively. In Fig.3 we investigate Tcom
versus ∆ for various cavity input powers ranging from
Pin = 4mW - 45mW at high pressure (p = 0.6mbar) and
Pin = 70µW - 4mW at low pressure (p = 3×10−7mbar).
At high pressure (Fig.3(a-c)) Tcom features a clear min-
imum at ∆ ≈ −Ωm. The experimental results agree
well with the theory, and only for high cavity input
powers of Pin = 45mW we observe a deviation. In
contrast, at low pressure the data deviates from the
theory and the optimal detuning is farther away from
resonance as shown in Fig.3(e-g). Our minimum tem-
perature is Tmin ≈ 10mK, corresponding to a mini-
mal phonon number nmin = 2100. The dependence of
Tcom at a nominal optimal detuning ∆ = −Ωm versus
cavity input power is summarized in Fig.3(d) and (h)
for high and low pressure respectively. At high pres-
sure Tcom decreases as expected with increasing power
(solid line). This is in strong contrast to the low pres-
sure regime, where measurements deviate from theo-
retical predictions, which yield a minimal temperature
of Tth = 50µK at maximum input power Pin = 4mW
(Fig.3(h)).
In Fig.4 we probe Tcom versus particle position along
the cavity axis y. We step the optical tweezers trap in
increments of δy = 41nm over a total distance exceed-
ing λcav/2. The cavity detuning is kept at a constant
optimal value of ∆ = −Ωy and at constant intracavity
power Pintra = 1W. At high pressure (Fig.4(a)) we
observe a sinusoidal dependence of the temperature
on position as expected from the optomechanical
coupling strength g0 (see Eq.(1)). While the minimum
temperature of Tmin = 50K agrees well with the
theory (solid line), the maximum temperature differs
by a factor of 2 from the expected room temperature
of T = 295K. We attribute this to the particle motion
a)
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P = 0.6 mbar
d)
a)
b)
b)
Pin = 15mW
e)
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Figure 3. Temperature versus detuning ∆ for different
input powers Pin. At high pressures (a-d) clear optimal
detuning ∆opt ≈ −Ωm is observed. At low pressures (e-h)
the temperature minimum is washed out. Theory assuming
Sφ = 0Hz2/Hz (solid line) predicts stronger cooling with in-
creasing g. Theory assuming Sφ = 2pi×4Hz2/Hz (half-solid
line) accounts for phase noise. The shaded area assumes
a phase noise regime from half to twice the value of Sφ.
In (d) and (h) Tcom at optimal detuning versus Pin is de-
picted, showing at low pressure the opposite behaviour in
comparison to high pressure.
at Tcom = 160K, which is δy ≈ 20nm and thus a
significant fraction of the intracavity standing wave
λcav/2 = 532nm.
In the low pressure regime the situation is quite differ-
ent (Fig.4 (b-d)). Periodic behaviour is only observed
for the lowest cooling powers Pintra = 5mW. Once the
intracavity power is increased to Pintra = 20mW, Tcom
starts losing its position dependence. The minimum
temperature Tmin ≈ 10mK persists over a broad region
and looses its position-dependence for Pintra = 172mW.
Altogether, as long as the dominant heating source is
thermal noise, our observations are consistent with the-
ory (see Eq.(2)). Laser phase noise becomes significant
below p ≤ 10−4mbar preventing further cooling. The
heating at low pressures cannot be explained by ther-
mal heating (Fig.2) or by photon radiation pressure (see
supplementary C).
Phase noise stems from a combination of cavity insta-
bility and phase noise of the driving laser. It translates
into amplitude noise of the intracavity field. This has
two effects on the system [35]: First, the optomechan-
ical coupling strength g changes due to its dependence
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Figure 4. Temperature versus particle position y at
optimal detuning ∆ = −Ωm and various intracavity pow-
ers Pintra. (a) At high pressures, Tcom changes sinusoidally
with position. The minimal temperature of Tmin ≈ 50K
agrees well with theory (solid line). The maximum temper-
ature deviates from the theory prediction due to the move-
ment of the particle in the cavity field, as discussed in the
main text. (b - d): Tcom at low pressures. For the lowest
power (b) Tcom keeps its sinusoidal dependence on y with
a minimal temperature Tmin ≈ 10mK. The position de-
pendence is gradually lost and the minimum temperature
increases, when the intracavity power is raised. Theory
neglecting phase noise contributions with Sφ = 0Hz2/Hz
(solid line) consistently predicts a sinusoidal dependence
on position y. Theory assuming a phase noise level of
Sφ = 2pi×4Hz2/Hz (half-solid line) accounts for phase noise
and for the additional SNRP due to the trap (dotted line).
The shaded area assumes a phase noise regime from half to
twice the value of Sφ
on the intracavity photon number ncav. However, for
a laser linewidth of ΓL = 1kHz the coupling strength
varies as κΓL/Ω2m  1 and hence the dependence on in-
tracavity field variations is negligible. Second, the con-
version of phase to amplitude fluctuations inside the
cavity gives rise to a stochastic force driving the me-
chanical oscillator. This leads to an additional phonon
occupation nφ = Sφncav/κ, which scales linearly with
the intracavity photon number ncav and the phase noise
PSD at the mechanical frequency Sφ(Ωm). Including
phase noise, the total final phonon occupation is
nf = nph +nφ =
κ2
16Ω2m
+ ΓmkBTκ4g20ncav ~Ωm
+ Sφ
κ
ncav (3)
where the first two terms derive from Eq.(2) and the
last term accounts for phase noise. Eq.(3) reproduces
the data well (half-solid line), assuming the specified
phase noise at 10kHz of Sφ = 2pi × 4Hz2/Hz. The
shaded area covers a range of Sφ/2 and 2 × Sφ to ac-
count for the 1/Ω decrease in phase noise at higher fre-
quencies [49] and additional phase noise contributions
related to setup instabilities respectively. In general,
phase noise heating increases near the cavity resonance
due to high intracavity photon numbers (see Eq.(3))
and dominates at low pressure. This leads to a shift in
optimal detuning towards ∆ < −Ωm and the opposite
power dependence at high and low pressure. The trap
SNRP is largely negligible (dotted line in Fig.3(e-h)
and Eq.(C1)). The optimum intracavity photon num-
ber ncav opt = κ4g0
√
Γmnth
Sφ
+ Γmκ4g20 depends on the phase
noise level. Consequently, the minimum phonon occu-
pation in presence of phase noise Sφ (see supplementary
C) is
nf min = nmin +
√
SφΓmnth
4g20
(4)
The experimental minimum phonon occupation of
nph = 2100, stands in good agreement with the
theoretical prediction of nf min = 1750, corresponding
to Tmin = 10mK and Tf min = 8.4mK respectively.
In conclusion, we experimentally and theoretically in-
vestigated the influence of phase noise heating in re-
solved sideband cooling of a levitated nanoparticle in
high vacuum where thermal heating is no longer the
main limitation. Counter-intuitively, minimum tem-
peratures are achieved at low intracavity power. Nev-
ertheless, there are two approaches to continue to-
wards GS cooling. Either the optomechanical coupling
strength g is increased by using a larger particle, a
higher finesse or a smaller cavity volume [50], such that
the cooling efficiency per photon improves. Alterna-
tively the coupling to the environment has to be re-
duced by further lowering the pressure or the system’s
phase noise (see Eq.(4)). Reducing the current phase
noise of
√
Sφ/(2pi) = 2Hz/
√
Hz by a factor of 1500,
GS cooling can be achieved with the experimental pa-
rameters given here. This condition can be relaxed by
an additional factor of 100 for a larger particle of r
= 250nm at a pressure of P = 10−10mbar. Note that,
phase noise can be decreased with external filtering cav-
ities acting as low pass filters [34, 51]. This reduces the
phase noise by several orders of magnitude [52], opening
up the road to GS cooling with levitated nanoparticles.
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7Appendix A: Experiment
The experimental setup is displayed in Fig. 1. In
order to control the detuning ∆ = ωcav − ω between
the cavity resonance ωcav and the driving field ω,
we drive the cavity with two laser fields originating
from the same laser at λcav = 1064nm. The first
weak cavity field is used for locking the cavity via the
Pound Drever Hall technique (PDH) on the TEM01
mode minimising additional heating effects through
the photon recoil heating of the cavity lock field. The
PDH errorsignal acts on the internal laser piezo and
an external AOM. In order to prevent interference
effects between light fields we cross polarize the
lock and pump field and separate them in frequency
space by one free spectral range (FSR) such that the
total detuning between lock and pump field yields
ωpump = ωLaser − ωAOM + FSR − ∆. The tunable
EOM modulation is provided by a signal generator.
The AOM is modulated at a constant frequency. The
intracavity power can be deduced from the transmitted
cooling light observed on a photo diode (PD) behind
the cavity.
For additional control of the other two motional
degrees of freedom (x, z) we apply standard parametric
feedback cooling [20] by modulating the trapping
potential with a phase locked loop (PLL) at twice
the particle mechanical frequencies Ωx,z via an AOM.
This maintains the particle motion in the x and y
direction in the linear regime, avoiding mechanical
cross coupling with the y mode, while keeping the
particle trapped at high vacuum.
All particle information shown is gained in forward de-
tection interfering the scattered light field with the trap
reference beam. The highly divergent trap light is rec-
ollected with a collection lens (NA = 0.8). We use
three balanced in-loop detectors (IL) to monitor the
oscillation of the particle in all three degrees of free-
dom and generate the feedback signal for the PFC [20].
Additionally an out-of-loop detector (OoL) in the y-
direction solely records data, avoiding noise squashing
[22, 23] and therefore an underestimation of the parti-
cle energy. The pressure can be varied between atmo-
spheric pressure and p ≈ 10−7mbar.
Appendix B: Data acquisition and evaluation
The data time traces are acquired at 1MHz acquisi-
tion rate with a home-built balanced detector and cal-
ibrated at p = 10mbar. Each data point consists of
N = 10 averages of which each one consists again of
at least 100 averaged position PSDs of which each is
based on individual 2ms time trace, corresponding to
a total minimum measurement time of t = 2sec. In
the region of interest of ROI = ±10-20kHz the aver-
aged PSD is summed up
∑ROI
−ROI Syy =< y2 > and the
corresponding temperature Tcom = mΩ2m < y2 > /kB
where kB is the Boltzmann constant. The error bars
are the standard deviation of the N averages.
Appendix C: Phonon occupation
The oscillator mean phonon occupation is governed by
its environment. It is coupled to several baths as e.g.
the thermal environment, the photon bath of trap and
cavity field and the cavity frequency noise leading to
decoherence effects. Each of the baths has an indi-
vidual occupation state ni and coupling rate Γi to the
resonator. The steady state phonon occupation can be
expressed as the following:
nf =
∑
Γini
Γi (C1)
= Γoptnmin+Γmnth+Γcavncav+Γphasencav+ΓtntΓopt+Γm+Γcav+Γphase+Γt
≈ nmin + ΓmnthΓopt + ΓcavncavΓopt +
Γphasencav
Γopt +
Γtnt
Γopt
= nmin + nm + nrad cav + nphase + nrad t
where the we only consider the case of a cooled oscil-
lator with (Γopt  Γi). In Eq.(C1) the terms from left
to right describe the residual phonon occupation due
to 1) the quantum back action of the resolved sideband
cooling nmin = κ2/(4Ωm)2  1, 2) the thermal bath
nm, 3) the shot noise radiation pressure of the cavity
light field nrad cav, 4) the phase noise of the cavity light
field nphase and 5) the shot noise radiation pressure of
the optical tweezers light field nrad t.
In the resolved sideband regime (Ωm  κ) we as-
sume a maximum optomechanical coupling rate Γopt =
4g20ncav/κ at the optimal detuning (∆ = −Ωm) [45].
The coupling rate Γi are given in the following.
The thermal bath couples as
Γm =
kBT
~Qmnth
= 15.8 r
2p
mvgas
(C2)
where Qm = ω/Γm is the mechanical quality factor,
nth = kBT~Ωm the thermal occupation number, r the parti-
cle radius, p the gas pressure and vgas =
√
3kBT/mgas
the velocity of the residual gas molecules.
The phase noise of the driving field is coupled as
Γphase =
Sφ
κ
Γopt =
Sφ
κ2
4g20ncav (C3)
where Sφ is the PSD of the phase noise at the mechani-
cal frequency Ωm and κ the cavity line width (FWHM).
The radiation pressure shot noise from the cavity and
trap are coupled to the particle as
Γcav = α
2k5cavIcav
30pie20cmΩmncav
= α
2k6cavc xzpf
120pie20Vcav
(C4)
Γt = α
2k5t It
30pie20cmΩmnt
= α
2k5tPt
15pi2e20cmΩmntw2t
(C5)
From Eq.(C1) to C5 we can see that on one hand
nmin  1 and nrad cav  1 are independent from the
intracavity photon number and will be neglected for the
remainder of the manuscript. On the other hand nrad t
and nm decrease and nphase increase linearly with ncav.
8nrad t only causes an small offset. Hence there exists an
optimal intracavity photon number ncav opt where the
minimum phonon occupation nf min is reached. This
stands in contrast to the standard picture of sideband
cooling where the phonon occupation monotonically de-
creases with the number of intracavity photons ncav.
The optimal intracavity photon number ncav where we
reach the lowest phonon occupation is given as
dnf
dncav
= Sφ
κ
− Γmnth + ΓtntΓopt ncav = 0
ncav opt =
√
(Γmnth + Γtnt) · κ
2
4g20Sφ
(C6)
=
√
Xκ2
4g20Sφ
≈ 7.8× 106
where X = Γmnth + Γtnt. The thermal environ-
ment and optical trap together can be interpreted as
a thermal bath with a higher effective temperature
Teff and therefore higher phonon occupation nth eff.
The additional phonon contribution due to the trap
light only needs to be taken into account at the low-
est Tcom. The lowest phonon occupation is reached
when the phonons are equally distributed between the
effective thermal bath Teff and the phase noise heating
(nphase = nrad trap + nm).
nf min =
√
Γ2mn2thSφ
4g20X
+
√
SφX
4g20
+
√
Γ2tn2tSφ
4g20X
(C7)
≈ 1750
In case of neglecting the trap radiation pressure
(Γmnth  Γtnt), the minimum reachable phonon oc-
cupation deviates by ≈ 15% and yields nf min ≈ 1330.
The theoretically predicted optimal intracavity power
is Pintra = 10mW which is in reasonable agreement
with the experimental value of Pintra = 5-20mW (see
Fig.4(b-c)).
